ABSTRACT: An infectious pancreatic necrosis virus (IPNV) belonging to the Sp serotype, isolated from scallops Pecten maximus, was propagated and suspended in sterile water and cell culture medium with different salinities and incubated at temperatures ranging from -80 to 40°C. Virus stability was examined by measunng vlrus titers under dfferent storage conditions. Virus titers were also measured after repeated freezing and thawing, and in incubated sterile filtered scallop hepatopancreas, haemolymph and crystalline style samples, and salmon Salmo salar kidney homogenate. The virus was stable under most storage conditions. Temperatures rangng from -80 to +20°C. as well as salinities from 0 to 40%0. did not seem to influence the stability of the virus. A reduction was observed above 20°C. Each freezing and thawing procedure resulted in a reduction of the virus titer. This reduction was larger at -80 than at -20°C. The IPNV persisted for a long period in sterile filtered scallop haemolymph, dissolved crystalline style and hepatopancreas. In ludney homogenate from IPNV-infected salmon the virus titers were reduced at least 10-fold during the first day of incubation at all temperatures tested. When virus was propagated in cell culture and subsequently mixed with non-infected salmon kidney homogenate, the virus proved more persistent. Our results illustrate the importance of rapid and standardised laboratory processing of potentially vlrus-containing tissue samples, and are relevant when considering laboratory storage of samples containing IPNV.
The aquatic birnavirus group, including the fish pathogenic infectious pancreatic necrosis virus (IPNV), consists of viruses which are considered very stable in water and under most storage conditions. Disease transmission in aquaculture is a matter of great concern, and the dynamics of horizontal transmission of an aquatic pathogen must take into consideration the stability of the agent in water. Although virus may be inactivated or practically eliminated by physical dilution in water, such dispersal of a persistent virus may carry with it the risk of disease transmission.
High concentrations of IPNV can be found in water during outbreaks of infectious pancreatic necrosis (IPN) (Desautels & MacKelvie 1975 , Ahne et al. 1989 . Ahne (1980) found IPNV in water samples from a lake in the absence of an IPN outbreak. IPNV was found in faeces of carrier fish (Billi & Wolf 1969 , Yamarnoto 1975 and contaminated crustaceans such as the freshwater crayfish Astacus astacus (Halder & Ahne 1988) .
The virus was also present in tissues of dead specimens. Virus and virus-contaminated material may, as discussed by Desautels & MacKelvie (1975) , flow downstream from a contaminated site and has been detected as far as 19.3 km downstream from the effluents of IPNV-contaminated fish hatcheries (McAllister & Bebak 1997) .
Most studies of IPNV transmission have been performed in freshwater systems, but there is no obvious reason to believe that dispersal of virus and contaminated material is any different in seawater. IPNV-like aquatic birnaviruses do cause diseases in marine fish species and have been isolated from an increasing number of marine fish and invertebrate species (Stephens et al. 1980 , Bonami et al. 1983 , McAllister et al. 1983 , Schutz et al. 1984 , Mortensen et al. 1990 ). Presumably, virus dispersal may occur via currents which run through affected fish farms.
Water-born virus may be accumulated in filterfeeding animals, and there are numerous studies which show that bivalve molluscs rapidly accumulate virus from contaminated water, sometimes in concentrations higher than in the surrounding water (Gerba & Goyal 1978) . IPNV-like aquatic birnaviruses have been isolated from mussels Mytilus edulis (authors' unpubl. data) and scallops Pecten maximus in Norway (Mortensen et al. 1990 were calculated as TCIDSo rnl-l or TCIDSO g-' tissue using the method of Reed & Muench (1938) . If the CPE was questionable, supernatants from the wells were inoculated onto fresh cell cultures and incubated another 6 d before new examination.
Results. Stability o f IPNV under different conditions o f salinity and temperature: Virus at an initial infecivity of 107.' TCIDS0 ml-' was incubated in sterile water or reconstituted seawater (Ultramarine Synthetic sea salt from Waterlife Research Industries Ltd) with salinities ranging from 0 to 40%0. The virus was incubated at temperatures ranging from Fig. 2 . Virus titers of 2 parallel suspensions of the scallop IPNV isolate (as log TCID,, ml-l) diluted 1:10 in EMEM cell culture medium after a n increasing number of freezing and thawing procedures at -20 and -80°C
NUMBER OF FREEZES AND THAWS
Virus was sensitive to repeated freezing and thawing. Weekly freeze-thawing episodes over a period of 36 wk were conducted for duplicate samples of virus with an original titer of log-' TCIDSO rnl-'. The reduction in titer was much more drastic for virus stored at -80°C than at -20°C (Fig. 2) .
Stability of virus in scallop or salmon tissue extracts:
Virus was incubated in homogenates of the scallop hepatopancreas and crystalline style, and in the haemolymph. Virus was also incubated in salmon kidney tissue homogenate, and recovered from kidney tissue of IPNV-inoculated salmon (Table 1) .
Discussion. The scallop isolate used in these experiments is a IPNV field strain belonging to the Sp serotype (Mortensen et al. 1990 , Biering et al. 1997 ). This isolate caused infections and focal pancreatic necrosis in trout Salmo trutta under experimental conditions (Mortensen 1993 ) but appeared non-pathogenic for adult scallops (Mortensen et al. 1992) . It has been hypothesised that the isolates from scallops may be the result of environmental contamination. The present results support this hypothesis. They show that the virus persists for a long time in water, as well as in scallop haemolymph, and indicate that IPNV might not be inactivated at all by enzymes in the scallop crystalline style, and inactivated only slowly in the digestive system. The finding that the virus reduction is far more rapid in a hepatopancreas homogenate than in hepatopancreas of live scallops (Mortensen et al. 1992) may also support the results showing long-term persistence of virus in live bivalve molluscs.
During IPN epizootics, IPNV concentrations in the water may reach levels which are more than sufficient to infect fish and fish eggs (Ahne et al. 1989 ). Up to 105 TCIDSo ml-' water have been detected in troughs with trout fry during an epizootic (Desautels & MacKelvie 1975) . A number of articles describe the stability of IPNV in water (reviewed by Wolf 1988) . Our results are consistent with the general conclusion that IPNV is stable under most laboratory storage and test conditions, including freezing and refrigeration (MacKelvie & Desautels 1975 , Wolf 1988 . Salinities between 0 and 40%0 seemed to have no influence on the stability of the virus, and in water, temperature influenced stability only above 20°C. As reviewed by Bitton (1980) temperature is the most important physical factor influencing the stability of viruses, and most incubations in the present study indicated a temperature-dependent virus reduction. It is noteworthy that the virus survived for several weeks at 40°C, a temperature close to the body temperature of birds and mammals. Although Table 1 . Titers of IPNV (as log TCIDSo ml-' or TCIDSo g-' tissue) of samples incubated in: homogenised hepatopancreas from scallops inoculated with an IPNV suspension, haemolymph from the same inoculated scallops, scallop haemolymph with IPNV added, dissolved scallop crystalline style with IPNV added, homogenised kidney tissues from infected salmon, salmon kidney homogenate with IPNV added, and sterile filtered seawater with IPNV added (control). Positive IPNV detections below the level of titration (approx. 1.4 log TCIDSO X ml-l) are marked '-'. ND: negative samples
Sample tissue Starting titer 4 d 20 d 60 d 130 d
Scallop hepatopanaeas from infected scallops 5°C 7.6 7.3 5.5 3.5 -10°C 7.6 7.3 6.7 4.0 -20°C 7.6 7.4 6.6 3.5 3.8 Scallop haemolyinph from infected scallops 5°C 6.3 6.4 5.8 6.5 6.1 10°C 6.3 6.6 5.6 6.0 5.9 20°C 6.3 6.6 6.0 4.6 3.4 Scallop haemolymph, seeded samples 5°C 6.8 6.1 6.3 6.2 -10°C 6.8 6.2 6.2 5.8 5.8 20°C 6.8 5.8 6.1 6.3 5.2 Scallop crystalline style 5°C 6.7 6.3 5.8 4.9 3.6 10°C 6.7 6.8 6.0 4.9 3.8 20°C 6.7 6.8 5.9 5.4 2.5 Salmon kidney homogenate, infected fish 5°C
-ND ND Salmon kidney homogenate, seeded samples 5°C 7.8 6.9 4.0 2.8 1.9 10°C 7.8 7.7 7.1 4.7 1.7 20°C 7.8 7.7 7.3 4.6 1.8 Seawater (control) 5°C 6.7 6.3 6.3 6.5 6.0 10°C 6.7 6.5 6.5 6.3 6.0 20°C 6.7 5.7 5.9 ND 3.8 factors other than temperature will influence the incubation at all temperatures tested. After 2 d the titer stability of a virus in a homeothermic gastrointestinal was reduced by a factor of 100. The present results tract, the present results show that temperature itself have thus shown the importance of immediate and is not a barrier for the passage of IPNV through standardised laboratory processing of poientially homeothermic animals. This is in accordance with virus-containing tissue samples and may also be releresults which showed that IPNV does retain its infecvant when considering laboratory storage of samples tivity after passage through birds, minks and cows containing IPNV. (Sonstegard & McDermott 1972 , Eskildsen & Vestergaard Jerrgensen 1973 , Smail et al. 1993 ). McAllister & Owens (1992 showed that IPNV could be isolated Toranzo et al. 1983 ). The present results also seem to be in contrast to the observations that temperature has a greater influence on the viability of IPNV in freshwater than in seawater and that influence of salinity is more important at 15OC than at 20°C (Ba rja et al. 1983) . Although the effect of the salinity observed by Ba rja et al. (1983) might be attributable to the presence of electrolytes, strain differences and an effect due to the microflora and -fauna in the water samples [as discussed by Desautels & Mackelvie (1975) and Toranzo & Hetrick (1982) j seems a more likely explanation. Results from trials using different virus strains and different natural water samples might therefore hardly be comparable.
When IPN virus was grown in cell culture and then mixed with non-infected salmon head kidney homogenate, the virus was more persistent than in homogenates from virus-inoculated fish. This observation may indicate that virus-inactivating factors, like circulating neutralising antibodies, produced in the infected fish are active in the sterile filtered kidney tissue homogenate. Frequently, in fish disease diagnostics, a large number of samples have to be processed. Sterile filtered homogenate may be left overnight to be added onto a cell culture the next day. Our experiments with IPNV-infected salmon showed that the virus titers were reduced at least 10-fold during the first day of
